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[57] ABSTRACT

A method 1s, herein, disclosed for separating a specific
1Isotope from a mixture of isotopes by first irradiating
the isotope mixture with a highly monochromatic laser
hight that resonates only with the energy level of the
specific isotope so as to increase its chemical activity
and then bombarding said specific isotope with a mole-
cule containing highly reactive atoms so as to form a
spatially separated compound rich in the specific iso-
tope.

‘2 Claims, 3 Drawing Figures




. U.S. Patent Aug 25, 1987  Sheet1 of2 4,689,128 .

.



U. S Patent Aug 25, 1987 Sheet2of2 4,689,128

S~
&

N
O

Z , .
DI C.fp\ | N
N é & —
1% P2\
X § ° 0
. [ | 180 2
@ F R S
< 7 @ E
— o S
=1 \ =Z
Q P o O
@ e |
Q [ | len B
2 RS § >3
Q| ¢ o L
z| _ N
S - . u
| ) I—
b (! Z
U _ -
e | O
O W
| "
5| -
2 L
= -
< =
. QO
O

VY% it D . _ | | O

ANGLE OF SCATTEFEI N G (DEVIATION FROM THE ATOMIC
BEAM ) OF THE REACTION PRODUCT




4,689,128

1
METHOD OF SEPARATING ISOTOPES

This application is a continuation of application Ser.
No. 529,508, filed 9/6/83 now abandoned.

* BACKGROUND OF THE INVENTION

- 1. Field of the Invention

The present invention relates to a method of separat-
ing isotopes. More particularly, the invention relates to
a method of separating a specific isotope from a mixture
of isotopes by first irradiating the isotope mixture with
a highly monochromatic laser light that resonates only

- with the energy level of the specific 1sotope so as to

increase its chemical activity and then bombarding said
specific isotope with a molecule containing highly reac-
tive atoms so as to form a compound rich in the specific
1sotope.

2. Description of the Prior Art

For separation of isotopes by laser, it 1s tmportant to
fix and recover the atoms excited by the laser. The
conventional technique for attaining this object i1s to
- ionize only the excited atoms with a light having a
suitable wavelength and to collect them in an electric or
magnetic field. This technique, generally referred to as
the photoionization method, requires a laser of high
power (for multiple-photon ionization) or more than
one laser (for multi-stage ionization). The photoioniza-
tion method is hereunder described in detail with partic-
ular reference to the separation of uranium, lithium,
calcium, rubidium or lanthanum isotopes.

A mixture of isotopes is irradiated with a laser light
that resonates only with the energy level of the target
isotope. The target isotope absorbs the laser light and is
subsequently irradiated with a laser light from the same

or a different source. Upon absorbing the second laser

light, ions are generated by photo-ionization of the
target isotope and subsequently recovered by physical
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~means. However, 1n the conventional method, ex- 45

change of electric charges occurs between the ions of
the target isotope and the other neutral isotopes, and as
~ a result, the number of ions derived from the target
isotope is decreased whereas the number of ions derived
from the unwanted isotopes is increased, and this leads
to lower yields and separation factors.

Furthermore, the cross section of an atom for i ioniza-
~ tion is smaller than that for excitation by a factor of 103
to 10%. Therefore, there is a significant difference in
transition probability between excitation from the
ground state to the first stage of excitation and from the
first stage to the second stage of excitation due to ioniza-
tion. In order to achieve efficient two-stage 10nization,
the light source for photoionization must have an inten-
sity 103 to 104 times greater than that of the laser light
for the first stage of excitation (selective excitation).
Ionization involves an excitation to the continuous en-
- ergy state and requires a laser of high power although
this does not need high monochromaticity.

In three-stage photoionization, three photons having
different frequencies are used: the first photon has a
frequency that selectively excites the target 1sotope, the
second photon has a frequency that boosts the same
isotope to an upper excited state, and the third photon
has a frequency high enought to 1onize said excited
isotope. Therefore, three visible lasers are required, and
the overall system including pumping sources and con-
trol devices becomes correspondingly complicated.

45

50

33

65

2

In the conventional method of separating barium
iIsotopes, their mixture is irradiated with a laser light and
by deflecting the orbit of a specific isotope through
absorption of the laser light, said isotope can be directly
recovered in the electrically neutral state. However, the
deflection of the orbit of the specific isotope is so small
that the neutral atoms cannot be recovered in high
yield.

BRIEF SUMMARY OF THE INVENTION

The present invention separates 1sotopes by a “selec-
tive chemical reaction” wherein a selective isotope in
the excited stage enters selectively into a chemical reac-

‘tion to form an easily separable compound. One advan-

tage of this method is that it does not have to use an
ionization laser and requires only a selective excitation
laser for immobilizing the excited atom as a compound.

Another advantage is a fairly wide latitude in selecting
the chemical form of the compound obtained as the
reaction product.

Therefore, one object of the present invention is to

provide a method of separating isotopes.

Another object of the present invention 1s to provide
a method of separating a specific isotope from an 1so-
tope mixture by exciting the specific isotope with a laser
light and reacting said isotope with a molecule having a
highly reactive atom so as to form a spatially separated
compound rich in the specific isotope.

A further object of the present invention is to provide
a method of separating a specific isotope from a mixture
of 1sotopes by first irradiating a beam of the isotope
mixture with a highly monochromatic laser light that
resonates only with the energy level of the specific
isotope so as to increase its chemical activity through
absorption of the laser light and then bombarding it

with a molecule containing a highly reactive atom so as

to form a spatially separated compound rich in the spe-
cific isotope. | |

These and other objects and advantages of the pres-
ent invention will become apparent by reading the fol-
lowing description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic top view of the reactor that is
used in one embodiment of the method of the present
invention; and

FIG. 1A is a perspective cross-secuon of the reactor

of FIG. 1, taken along line 1—1.

FIG. 2 is a graph showing the distribution of scatter-
mg angles for the reaction product obtained by separat-
ing a specific lithium isotope by the method of the pres-
ent invention.

DETAILED DESCRIPTION OF THE
INVENTION

- According to the present invention, a specific 1sotope
is separated from a mixture of isotopes by first irradiat-
ing the isotope mixture with a highly monochromatic
laser light which resonates only with the energy level of
the specific isotope so as to increase its chemical activ-
ity through absorption of the laser light, and then bom-
barding it with a molecule containing a highly reactive
atom so as to form a spatially separated compound rich
in the specific 1sotope.

The most characteristic feature of the present inven-
tion lies in the means for separating a specific isotope
that has been selectively excited by laser light. Accord-
ing to the invention, the excited isotope 1s reacted with
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a molecule containing an atom such as a halogen that
has selective reactivity with that isotope to form a spa-
tially separated compound. The term ' “molecule” as
used above includes a radical generated from the mole-
cule containing an atom that has selective reactivity
with the excited isotope, Therefore, the method of the
present invention is suitable for industrial application
without requiring a powerful excitation or ionization
laser, or a multiple-wavelength visible laser or pump
laser as in the case of three-stage photoionization.

The concept of the present invention i1s hereunder
described by reference to the apparatus shown in FIG.
1. This apparatus consists of a vacuum chamber 2 which
contains a crucible loaded with a metallic vapor source
3 containing the target isotope. The metal 3 1n the cruci-
bile becomes molten by resistance heating or electron
bombardment, and the resulting metal vapor is colli-
mated by a collimator 4 to form a metal vapor beam §
which is directed upward. Above the collimator, the
beam 5 is irradiated with a laser beam from a laser 1
preferentially exciting particles 9 of the selected 1so-
tope. At the same time, a beam of reactive gas emitted
from a reactive molecule source 6 crosses the irradiated
portion of the vapor beam so as to form a compound 8
which is deposited on a substrate 7. The compound can
be recovered as the final product by scrapping it from
the substrate. The compound rich in the target 1sotope
produced by reacting said isotope in the excited state
with a reactive molecule can be spatially separated by
making use of the fact that said compound has a certain
distribution of scattering angles with respect to the
direction of the metallic vapor beam.

Lasers that can be used in the method of the present
invention include dye lasers pumped by gas lasers such
as Ar lasers, N7 lasers, He-Cd lasers, solid-state lasers
such as Nd-YAG lasers and metallic Cu lasers, and
excimer lasers. As is known, these laser systems pro-
duce light in the visible spectrum. Also usable is the
light that is emitted from these lasers and which is sub-
jected to wavelength conversion with crystals, liquids
or gasses, followed by processing with optical devices
to provide higher monochromaticity.

Having described the basic concept of the present
invention, we now go into further details of the inven-
tion by the Tollowing example with particular reference
to separation of lithium 1sotopes.

EXAMPLE

A mixture of lithium isotopes containing the target
species °Li was loaded into a crucible and heated by
electron bombardment to form an atomic vapor. The
vapor was passed through a collimator to form a beam
having a fairly high directionality. The target 1sotope
SLi was selectively excited by photons having a wave-
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ground state. The excited atoms were then bombarded
with a beam of CHCIF; gas, whereupon LiCl and LiF
were produced as the two reaction products in much
higher yields than in the absence of irradiation with the
laser light. This process involved the following two
reactions:

CHCIF2+ Li*—LiCl+.CHF> (1)

.CHF3+Li*—LiF+.CHF (2)
First, the excited lithium atom Li1* reacted directly with
CHCIF; to form LiCl, and then, the resulting radical
.CHF> reacted with Li* to form LiF. Of the two reac-
tion products, LiF was more ¢Li-rich than LiCl.

As shown in FIG. 2, the compound °LiF has a ten-
dency to move in a direction that deviates from the
atomic metal vapor and hence can be spatially separated
from the isotope mixture. In FIG. 2, — 30— @ — refers
to the amount of 7LiF produced, —A—A— refers to the
amount of SLiF produced, and — refers to the content
of 9L species in each end compound.

In the above exampie, CHCIF; was used as a mole-
cule containing atoms having high reactivity with the
target 1sotope, but it should be understood that reactive
molecules containing a halogen atom may also be used,
and such molecules include CChLF,, CHF3;, CCIhFH,
CCl4, CF4, CF3l and CF3Br. The method of the present
invention can also be used to separate other isotopic
atoms such as uranium. According to the present inven-
tion, a compound containing only a specific 1sotope can
be directly produced. Since many isotopes are com-
monly used not in their elemental forms but as labeled
compounds, this advantage of the present invention will
contribute to an expanded use of lasers 1n separation of
1sotopes.

What is claimed 1s:

1. A method of separating a specific isotopic atom
from a mixture of isotopes by

first irradiating a beam of the i1sotope mixture with a

highly monochromatic laser light that resonates
only with the energy level of the specific isotopic
atom, said monochromatic laser light constituting
the fundamental wave from a dye laser which is
pumped by any one of the group consisting of Ar
laser, N7 laser, Nd-Yag laser, metallic Cu laser and
He-Cd laser, so as to increase the chemical activity
of said isotopic atom through absorption of the
laser light, and

bombarding said irradiated beam with a molecular

beam containing a highly reactive atom whereby a
spatially separated compound rich in the specific
1sotope 1s formed.

2. A method according to claim 1 wherein said highly

length of 6708 A, but the other species and those ¢Li 55 reactive atom is a halogen atom.

atoms not excited by the laser light remained in the
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